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Outline

Why collimationis neededin LHC

Two-stagecollimationandefficiency

Geometricalapertureconsideration

Robustnessof optics

Dumpkicker failure

Materials

JBJ,BeamlossandCollimationatLHC, page2



ICFA-HB2002,Fermilab April 4, 2002

SchematicLHC rings

4

5

7

8

1
2

3

6

ATLAS

CMS

Mom Collim.

DumpRF

Beta Collim.

Injection 1 Injection 2

ALICE LHCb

 

 

JBJ,BeamlossandCollimationatLHC, page3



ICFA-HB2002,Fermilab April 4, 2002

LHC beamparameters

Luminosity

� � �� � � � �	� � 


� � at crossing 10 m � � � ��� �

m

Storedbeam

� � � 
 �

protons

�� � � � � � � � � 
 


Beamenergy 7000 Gev (injection450GeV)

Injectedenergy

� � � �
J

� � �

kg meltedCopper

Storedenergy

� � � � � �
J

� � � �

kg meltedCopper

JBJ,BeamlossandCollimationatLHC, page4



ICFA-HB2002,Fermilab April 4, 2002

Expectedlossesversusquenchlimit - 1
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Expectedlossesversusquenchlimit - 2
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Collision
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Clear needfor collimation – betatronic and momentum
with collimation efficiency

�
m

Injection must bemadewith collimators in working position
In addition:survive to dumpkicker failure

JBJ,BeamlossandCollimationatLHC, page6



ICFA-HB2002,Fermilab April 4, 2002

Collimation, halo and efficiency
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Table1: Correlatedphaseadvances .0/ and .01 and
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RealLHC optics:anadequateapproximationof this perfectcase
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Collimation inefficiency - K2 code
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Schematiclayout of the momentumcollimation section
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Halo and aperture in Experimental triplet
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Schematiclayout - IP5-CMS
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Equivalent primary aperture - Injection, IP1-ATLAS
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Equivalent primary aperture - Collision, IP5-ATLAS
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Inefficiency and collimation depth
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Inefficiency and jaw longitudinal tilt error
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Inefficiency and beta beating
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Erratic dump kicker error

...

TCDQ in IP6

Collimator

IR3 or 7
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time
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X coll.

x=10 x=6σσ

Exact not yet known

Nb of bunchesoncollimatorvariesbetween and
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Dump error and materials for the jaw

Erraticdumperroris theworstcasefor jaw integrity
Showerstudiesclearlydisplayadvantagefor low-Z materials
Case:possiblereductionof mech.properties(allowed once/year)
Needmoreprofessionalexpertise

]
[bunches] Margin Factor

Expected
^ � ^
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1-2

Graphite
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1-2

Copper/Aluminium
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0.01-0.03

With low-Z, powerdepositionis low , K

noharmfullongitudinaldeformation
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Materials for the jaws

NEEDlow-Z materials

Seriouscandidates:

– Be,but toxicity

– PyrolythicGraphite,but brittle+dust,but poorconductor

– BoronNitride, but clay, but dielectric

Challengers:

– Graphitewith diamondcoating,Fiberreinforcedceramics

– Compositejaws: graphitecorewith Beplatenearbeam,...

In-depthstudystartingnow
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Dynamic stressanalysisfor 10 bunchesimpact on Be

3D Ansysanalysis,with MARS energy densitymap,Preliminarydata
Dynamicpeakstress
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